VALMAP2.0 is a Microsoft-Windows-based program designed to assist material scientists in accurate structural investigations. The aim of VALMAP is to calculate the sum of bond valences that a particular atom would have if it were placed at any arbitrary point in the crystal. By movement of this atom through all possible points, its valence-sum contour map can be displayed. Parameters of the bond-valence model are available and may be modi®ed. The program was tested in a number of cases and two examples of applications are reported: (i) ®nding probable atom sites in crystal structures; (ii) displacive and order±disorder phase transition mechanisms, analysing steric effects.
Introduction
According to the bond-valence model described by Brown (1992) , in an excellent review and its references, every bond in a nonmetallic crystal has a valence s, which obeys the following two rules.
(i) Valence-sum rule: the sum of the bond valence around each atom is equal to the valence V of the atom.
(ii) Equal-valence rule: each atom shares its valence as equally as possible among the bonds that it forms.
These two rules, known as the network equations, can be used to predict the bond valence for any compound for which the bond connectivity is known. However, the usefulness of the bond-valence model lies in the empirical correlation found between the bond valence s and bond length d, given by s dad 0 ÀN or s expd 0 À daBY 1 where N, B and d 0 are experimentally determined constants that depend only on the nature of the atoms that form the bond. The value of N is a function of electronegativity, the number of electrons or the typical coordination number of the cation (Brown & Wu, 1976) . For most bonds, B has a set equal to 0.37 (Brown & Altermatt, 1985) . Brese & O'Keeffe (1991) and O' Keeffe & Brese (1992) have performed a statistical analysis and added to earlier works a list of bond-valence parameters d 0 for a large number of cation±anion and anion± anion pairs, respectively. Despite its purely empirical character, many crystallographers have used the bond-valence model outlined above for many years with great success in a number of spectacular applications. For the majority of inorganic compounds, these bond-valence parameters lead to interpretations of experimentally determined bonding geometry that are in agreement with present crystal chemical knowledge. This simple approach allows us to distinguish atoms close in atomic number, to locate the positions of light atoms, to indicate the sites of an element with variable valence, to resolve any ambiguity involved in the oxidation state of a metal ion, etc.
Recently, Brown (1996) has developed the program VALENCE for calculating bond valences, solving some de®ciencies in molecular-geometry programs and also including features for those who wish to use bond valences in modelling inorganic structures. The method can also be extended to metal organic compounds and transformed into the bondvalence sum focusing on the immediate vicinity of the metal atom only. However, dif®culties appear when the polyhedral coordination is greatly disordered or ill-de®ned, indicating the presence of tensile or comprehensive bond strain (steric effects), or as a result of ionic and electronic effects.
The present program provides an improved tactic (devised by Walterson in 1978 for a speci®c investigation) using the valence-sum technique to visualize these electronic and steric anomalies, often around a particular atom, revealing the shape of its potential site in the structure. It is thus possible to search for each atom belonging to the crystalline arrangement where certain sites are consistently well bonded. The aim of VALMAP is to calculate the valence bond sum i s i that a particular atom would have if it were placed at any arbitrary point in the crystalline grid. The bond valence is evaluated from the relation to the bond length d to the nearest atoms (with d < R). The R value is chosen by the user, depending on the in¯uence from the second, third and subsequent coordination spheres. Moving this atom systematically through all points of a selected grid gives its valence-sum map. Then, a contour map is displayed on the screen, showing sharp peaks at the maximum, corresponding to the atoms of the structure, and smooth cavities, corresponding to the ideal atom sites having atomic valence equal to i s i . Other different functions of our software will be described later, and are included in similar programs such as VALENCE (Brown, 1996) and BOND (Rodriguez-Carvajal, 1996), but VALMAP exploits the advantages of working with Microsoft Windows-based software.
2. Operation of the program 2.1. Starting parameters and their use VALMAP can read the input data from an ASCII ®le that has been reduced as much as possible with respect to the old version (VALMAP1.0; Gonza Âlez-Platas & Gonzalez-Silgo, 1998). The following sequence of inputs is necessary: lattice parameters in a Ê ngstroms and degrees, space-group symbol according to International Tables for Crystallography (1995) , and all atoms of the asymmetric unit (chemical symbol, fractional coordinates, occupancy factor, and absolute value of valence), to a maximum of 200 atoms. To aid the search, it is an essential requirement to indicate the target atom, which, of course, usually belongs to the preceding list. All the input parameters can be changed by selecting the`edit' menu. The comments are headed by the`title' string or by the character !'. B = 0.37 or N = 6, by default, is automatically selected in accordance with the preferred function. These parameters can be changed in order to calculate sums over hydrogen bonds, for example (Steiner & Saenger, 1994; Steiner, 1995) . Most of the d 0 bond-valence parameters are offered (from the values given by the abovementioned authors) for every type of bond, although it is possible to change them. When an empirical d 0 parameter is not available for a possible contact between the target atom and any other atom of the structure, we must label it with (À). Then, the program calculates the sum of bond valence over all distances [less than R (A Ê )] between all grid points and the atoms labelled with (+). Default values of R and grid size are also provided.
The program can write the current crystallographic and bond-valence parameters in an ASCII ®le, which will be reloaded as starting values for subsequent calculations. It is also possible to write a completely new ®le using VALMAP with the new interactive option.
Plotting the contour map
The`plot' option calculates the sum of the bond valence over all points of the grid and builds a graphical image corresponding to the current input parameters or those selected with the`edit' option. Then, a plot window provides a narrow menu area to the left to effect changes in the twodimensional contour map, according to individual requirements. The image is displayed in the wide area to the right and the user can refresh it by redrawing another plane or by clearing it completely.
The three views corresponding to the crystalline axes can be displayed in fractional coordinates and any perpendicular plane can be selected. It is also possible to display a superposition of two consecutive maps. A simple cursor is provided by clicking on the option`show'; then, the current position pointed at (x, y, z coordinates and the sum of bond valence) is shown at the bottom of this window. When the`show' option is active and you click with the right button of the mouse, the value of the current valence sum is also printed on the map.
The contour lines with the same sum of bond valence are drawn with a colour scale range from the smallest valence (darkest) to the largest (lightest). The number and range of levels can be modi®ed in order to focus on a particular zone of the map.
Additionally, the possibility of graphical output from the current image is available. The option to export to a different ®le format (PostScript, HPGL and ASCII) allows the user to obtain hard copies, to transfer his or her own document or other applications.
Other calculations
VALMAP gives a convenient measure of the agreement between the atomic valence and the bond valence sum over the whole structure (i.e. including all the atoms i) by calculating the index R1 hDIFi 2 i 1a2 (Brown, 1992) , where DIFi Vi À j s j is the discrepancy between the bondvalence sum and the valence of the atom. Then, before R1 can be calculated, the analysis of the discrepancy is required and the deviation STDi j s j À hs j i 2 1a2 for each atom`i' that belongs to the asymmetric unit. When DIF and STD are close to zero, we can include them in the R1 calculation (by clicking the`include' option). Atoms can be left out of the R1 calculation depending on the purpose of the calculations. In another window, the program also shows the evaluation of the sum of the bond valence for every point selected in the crystalline structure, giving the searched atom for the point.
In both calculations mentioned above, the R, B or N and d 0 values are currently selected and can be changed by going back to the`edit' window.
Advanced applications
The capabilities of VALMAP can be illustrated with two examples.
Finding probable atom sites in a crystal structure
In this example, we have selected the crystalline structure of calcium tartrate (Ambady, 1967) , one of the few divalent tartrates, which forms a three-dimensional network. We were interested in analysing what type of cation could be substituted in the Ca site to produce a doped calcium tartrate with optical and dielectric features. To calculate the expected bond valence of Sr, Ba, Mn, Co, Ni, Zn and Cd, we selected the`evaluation' option from the menu for each atom search. The Cd atom had a valence close to the expected value (2.0 valence units) and the Ba atom was found to be strongly overbonded (5.0 valence units). Powder diffraction patterns of doped samples showed slight displacements of the Bragg peaks with respect to the pure compound. Only the diffraction pattern of the Ba-doped sample exhibited drastically modi®ed Bragg intensities (not due to preferred orientation). Could this then not indicate a different site for the Ba atom? VALMAP supplied a solution, by plotting contour maps for the whole crystalline cell. In Fig. 1(a) can be seen the probable Ba site found with a well de®ned shape, compared with the Ca site in Fig. 1(b) . A calculated powder pattern con®rmed our supposition. A Rietveld re®nement to obtain accurate parameters is currently in progress.
Structural phase transition, analysing steric effects
Many physical properties of solids are related to steric effects arising from the constraints imposed by crystal symmetry. In particular, the soft mode is the most general phenomenon associated with the bond strain, and the ferroelectric displacive mechanism can be predicted (Brown, 1992) . On the basis of accurate structural investigation, the contour maps of the bond-valence sum also lead to a characterization of the nature of the phase change. We selected two well known ferroelectric compounds whose transition mechanisms were recently discussed. Fig. 2(a) shows a very elongated hole along the a axis for one of the K positions of the Rochelle salt in the paraelectric phase. Corroborating the new investigations on this compound (Solans et al., 1997) , we can state that the ferroelectric phase is mainly produced by a displacement of the cation along an axis (precisely in the spontaneous polarization direction) according to the distortion theorem described by Brown. Fig. 2(b) shows a contour map around the N site in the NaNO 2 compound. A singular cavity is observed in the ferroelectric phase, pointing to the important role of the N atom in the phase transition, although Okuda et al. (1990) suggest that the main interaction in NaNO 2 is the attraction between the Na and O atoms. 
Implementation and software availability
The original code of the program VALMAP2.0 is written in Fortran77/90. The program is compiled using Lahey Fortran90 (v3.50f) with the Winteracter 1.10 Library. The source code of the program consists of 7500 lines including comments. The executable program, the help ®le and the database ®le (d 0 values) occupy about 1 Mbyte of disk space.
The software runs on a PC computer with Windows 3.1x (using Win32s), Windows 95/NT system and 16 Mbytes of RAM. The program uses VGA/SVGA graphics and needs a compatible mouse. The number of colours supported by the program is related to the number of colours provided by the Windows video driver. The use of a 32k/65k/16M windows colour video driver is recommended in order to obtain the best results in the graphical part of the program.
In this new version of VALMAP, up to about 200 atoms in the asymmetric unit can be used for calculations of the maps. The d 0 values are de®ned in an external ASCII ®le (valmap.d0d) that can easily be modi®ed. In any case, the program advises the user about d 0 values that are not de®ned in a given run. Online documentation can be obtained by using help'. There are different possibilities for preparing an output ®le of maps: HPGL, PostScript and ASCII ®les; or a default system printer can be used.
VALMAP2.0 is available free of charge for non-pro®t institutions via ftp (e-mail: jplatas@ull.es). Files for running test examples are also included.
